In an interview with Neuron, Graeme Davis, a pioneer in the field of homeostatic plasticity, shares his thoughts on the future of his field and the role of homeostatic plasticity in development, disease, and aging, the power of ''global neuroscience,'' and how people trained in different fields can bring new ideas and talent to the bench.
Graeme Davis received his PhD in Neuroscience and Behavior at the University of Massachusetts, Amherst, working in the laboratory of Rodney Murphey on synapse development. Dr. Davis did his postdoctoral work at UC Berkeley with Corey Goodman, where he began to apply Drosophila gene discovery to the analysis of synapse development. Dr. Davis began his independent career at UCSF in 1998 and has remained there ever since, serving as vice chairman and then chairman of the Department of Biochemistry and Biophysics. Dr. Davis is currently the Morris Hertzstein Distinguished Professor of Medicine.
The Davis lab is most well known as a pioneer in the field of homeostatic plasticity, publishing some of the first research papers and reviews on this topic. By developing a system to take full advantage of powerful forward genetics in Drosophila, the Davis lab defined many of the first underlying molecular mechanisms of presynaptic homeostatic plasticity. The issues being explored in homeostatic plasticity are fundamental. How are the functional properties of individual neurons and neural circuits stably maintained throughout life? And, in the face of potent stabilizing mechanisms, how can neural circuitry be modified during neural development, learning, and memory? Ultimately, providing a comprehensive cellular and molecular framework to understand how homeostatic signaling systems rapidly, accurately, and persistently regulate neural function is critical for appreciating their role in health and in the context of aging and disease.
Dr. Davis has a long-standing relationship with the Marine Biological Laboratory (MBL) in Woods Hole. He attended the Neural Systems and Behavior course as a graduate student, and it transformed his approach to science. Dr. Davis was an independent Grass Foundation Fellow at the MBL, conducting independent research for a summer between graduate school and postdoc, and he co-directed the Neurobiology course at the MBL (2010) (2011) (2012) (2013) (2014) (2015) (2016) . This 8-week emersion experience in cutting-edge cellular and molecular neuroscience with faculty drawn from institutions around the globe was something that Dr. Davis found a joy to organize and participate in each year. When thinking about the interface of homeostatic signaling and neurological disease, it is worth stepping back and considering how disease is caused and how it is expressed in the nervous system. Diseases are often caused by molecular perturbations but are generally expressed by entire regions of the brain. In other words, disease progression and disease severity are going to be shaped by all of the homeostatic mechanisms that are invoked as a consequence of the disease-causing molecular perturbation. In some cases, these homeostatic processes may be beneficial, and in other cases, they may be maladaptive. Interventions that target these compensatory, homeostatic processes have great potential to alter the course of disease.
What is your view on big data gathering collaborations as opposed to hypothesis-driven research by small groups? A great experiment is a great experiment, regardless of how much data is generated. The bottom line is that we are living
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University of California, San Francisco in a moment of incredible scientific opportunity. Big data initiatives are opening doors that we could not have imagined 10 years ago, but big data are also creating tremendous new challenges, including the inevitable need to move beyond massive correlation in order to establish cause and effect. Doing so gets back to the need for highly quantitative, detailed experiments that are grounded in well-established model systems. The expertise to do this work is housed within individual research labs. So, we need both big data and small, intensely focused research labs.
This brings to mind another way of looking at the current landscape of scientific research. There is immense power in the collective imagination of all the individual laboratories around the globe. With new quantitative tools and powerful genomic technologies at the fingertips of individual labs, it is incredible what can be accomplished with adequate funding. So, the network of individual laboratories around the globe could be considered the largest and most impressive big data initiative ever created. From this perspective, targeting resources to facilitate connectivity and collaboration should be one of the waves of the future.
What do you think are the biggest problems/challenge science as a whole is facing today? I will continue on the theme of my answer to the last question. I think that the greatest challenge we face is to ensure that the public does not lose sight of the collective power represented by our many individual research labs. I fear that current public debates about science funding often neglects the benefits and importance of our existing global network of individual research labs. Scientific research at this scale requires the power and scale of government funding. If there is something that we all can do better, perhaps it is to publically emphasize that our individual triumphs are truly the product of broad scientific communities, funded by our government agencies for the benefit of everyone.
A related problem is the career path in the biological sciences. It simply takes too long. As chairman of the Department of Biochemistry and Biophysics, I put out several job recruitment ads, and they stated that ''postdoctoral experience is not required.'' Clearly, it was not an even playing field for grad students to compete for jobs with postdoctoral fellows. I honestly hoped that our faculty would take the chance on a young, accomplished student. But, I also placed these ads to make a point. In almost every other career, specialized medicine excepted, people are given immense responsibility at a much younger age than we allow in academic science. Great young minds should be given the chance to launch their independent careers much earlier in life.
Our symposium covers talks from cell biology to cognition and from animal models to human neuroscience. How do you view the level of crosstalk between these disciplines, and how can they profit/ learn from each other? When I was a new PI at UCSF, Louis Reichardt gave me some good advice. He said that the best scientists he knew were the ones who communicated and listened to colleagues working in other fields. I pass this advice along to any student who will listen. Powerful intersections are already being explored, including the interface of immune signaling and neural function. The highly quantitative tools being developed in the field of systems biology has immense potential when applied to fundamental questions in neuroscience. In the field of homeostatic plasticity, I am constantly drawing upon information in fields as diverse as ecology and engineering. The challenge is to find enough time to read broadly and to find the common language that can help to bridge very different fields of research. How do you view the level of crosstalk between disciplines (for example, physics, mathematics, engineering, humanities, and social science)? This is incredibly important. In fact, this was a foundation of the Neurobiology course that I co-directed at the MBL for many years. This course was a great training ground for scientists who wanted to combine fields. We had many students, postdocs, and even a few faculty who were trained in pure math, chemistry, or computer science and took the course as a deep dive into experimental cellular neuroscience. These individuals invariably brought new ideas and diverse new talents to the bench.
Which aspect of science-your field or in general-would you wish the general public knew more about? My answer to this is a fairly common sentiment. I wish that there were a clearer understanding of what it means to pursue a career in science, the cost of developing therapeutics, and how science benefits society as a whole.
Who were your key early influences? My mentors. These relationships meant everything to my career: Steve Zottoli at Williams College, Rodney Murphey, then at UMass Amherst, and Corey Goodman at UC Berkeley. Along the way, many others have been advisors and mentors and friends. Some of these people have been senior scientists, some have been my peers, and some have been kids who just remind me to have fun.
What motivated you to become a scientist? As a college freshman I wandered into Steve Zottoli's animal physiology lab where the students were collecting data on chart recorders (pens on paper!) and trying to figure out what they were observing. That was my first exposure to an experiment in animal physiology. I took Steve's class the following year. I spent the following summer as a research assistant with Steve at the MBL in Woods Hole and that did it. I was immersed in a world where people were thinking and arguing passionately about the details of their experiments. It all seemed like a wonderful way to spend one's life, and I still get excited when I sit with a student at the electrophysiology rig. Watching neurons do their thing, at the rig or at the microscope, is just amazing.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? In the early days of my lab, I would take on summer projects at the bench. One summer, my goal was to determine how quickly homeostatic plasticity could be induced in a live neuromuscular preparation. This seemed simple enough, but I experienced a month of failure. During that month of frustration, I took a break and was helping Richard Fetter prepare samples for electron microscopy. That day provided the solution to my experimental roadblock. Richard was adamant that the dissections for electron microscopy had to be perfect. You did everything possible not to stretch or disrupt the specimen in order to preserve synaptic ultrastructure. For our electrophysiology experiments, we routinely stretched the preparation, which made impaling the muscles easier. True enough, when my dissections for electrophysiology were done without stretching or perturbing the preparation, the rapid induction of presynaptic homeostasis worked perfectly. Mechanical stress was somehow destroying the signaling system. With that small insight, we went on to demonstrate that presynaptic homeostatic plasticity could be observed in as little as 2 min and was fully expressed in 10 min. This was far more rapid than we imagined possible, and this rapid induction process was recently confirmed in mammals. This assay became the foundation for all of the forward genetic screens that have powered my lab for the past 10 years and led to the identification of core molecular mechanisms of presynaptic homeostatic plasticity.
What has been the highlight of your career? Throughout my career, I have had the great fortune to work with wonderful students and postdoctoral fellows, many of whom have gone on to establish their own research laboratories. Throughout, we have had terrific interactions, support, and collaborations with colleagues at UCSF and other institutions. Truly, our progress has been possible because of the commitment, enthusiasm, and energy of everyone involved.
There are always lots of ups and downs, but a recurring highlight is the day when a postdoc gets their job offer. We all work so hard, doing all the things necessary to make progress. When a job offer comes, it is a moment of such incredible excitement and optimism and relief. It is just wonderful. Another highlight has been my many summers running the Neurobiology course at the Marine Biological Labs. The enthusiasm, energy, and intensity of the people we brought to that course (faculty, TAs, and students) were incredible every year. There have been scientific highlights as well, and we always celebrate those, but my best memories are about people.
Where do you see the strongest potential for progress and new breakthroughs in neuroscience? There are so many incredibly creative scientists pushing the boundaries of tool development. With new funding support for this type of work, it feels like the sky is the limit.
What do you think are the biggest possibilities/challenges for the education of future scientists? There are so many challenges in science education. First, equitable access to a first-rate scientific education is a huge problem, and it is not simply a question of equitability. The questions that we ask and the experiments that we pursue as scientists are determined, to a large extent, by our life experiences. We need a diverse scientific workforce because we need to explore the broadest possible range of questions. Just as important, we need to re-think how science is being communicated to young people. The excitement, intrigue, and incredible beauty of science are often missing from middle school and high school curriculum. I currently have two children in high school. They are still learning as if the practice of science consists of memorizing facts-particularly in biology.
What advice do you find yourself giving to your students and postdocs? Take the time to read papers from 10, 20, and 50 years ago and talk about the history of your field. I find this can be a great source of inspiration and a safeguard against being fooled by biology, repeating the errors of the past, and reinventing what we already know. Second, remember the beauty of what you are doing. We are working at a time of incredible experimental power and progress, but don't lose sight of the beauty of the natural systems that we are investigating. Third, seek out programs or institutions that have created research communities based on trust and camaraderie. When the going gets tough, this can make all the difference to life. What career paths did you consider other than a scientist? I initially thought that I wanted to be a professor of comparative literature, dress in black and be sulkily intellectual. Fortunately, that was an adolescent fantasy born of my upbringing at a progressive boarding school where my parents were teachers. Neuroscience is much more fun. There were times in my early training (grad school and postdoc) when many of my friends were considering leaving science. I always had a sense that if this career track did not work out, there would be lots of other things to do. The point was not to look back and regret having not tried as hard as I could. I still think that this is good advice.
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